Athletes report frequent use of various dietary supplements (DSs). However, no study has examined DS use and antidoping knowledge in Korean Olympians. The objectives of this study were to obtain information about Korean Olympians' DS use during the training period for the Beijing 2008 Summer Olympic Games and immediately before their Olympic events, to obtain DS-intake reasons and DS providers, and to obtain information on athletes' doping education, knowledge, and educators. Korean Olympians completed 2 questionnaires 1 wk before the opening and within 1 wk after the closing of the Beijing 2008 Summer Olympic Games. Results showed that 79% of male and 82% of female Olympians take more than 1 DS during the training period and that vitamins and Oriental supplements are the 2 top-ranked DSs. Reasons for DS use were to improve recovery ability (66%) and muscle performance (22%), and sources of obtaining DSs were parents (36%) and coaches (35%). Furthermore, 79% of Korean Olympians reported receiving regular education on antidoping regulations from Olympic-sponsored education classes (64%) and coaches (15%). In conclusion, this study was the first to examine DS use and antidoping-related information in Korean Olympians. Because some herbal products contain substances banned by the World Anti-Doping Agency, athletes should be cautious in using mixed Oriental supplements.
A variety of dietary supplements (DSs) are taken, particularly by elite athletes, to promote adaptations to training, maintain adequate immune function, and improve tissue synthesis and repair during recovery from training or injury (Maughan, King, & Lea, 2004; Rodriguez, Di Marco, & Langley, 2009) . Studies report that 45-74% of Olympic athletes take DSs during both the winter and summer Olympic training periods and during the Olympic Games (Corrigan & Kazlauskas, 2003; Huang, Johnson, & Pipe, 2006; Ronsen, SundgotBorgen, & Maehlum, 1999; Sundgot-Borgen, Berglund, & Torstveit, 2003; Tsitsimpikou et al., 2009 ). Corrigan and Kazlauskas revealed that, although most take one or two DSs, many Olympic athletes (20%) typically take at least five. The most frequently reported DS taken by summer Olympic athletes are vitamins, proteins, amino acids, and creatine (Corrigan & Kazlauskas, 2003; Erdman, Fung, Doyle-Baker, Verhoef, & Reimer, 2007; Sundgot-Borgen et al., 2003; Tsitsimpikou et al., 2009) , which have been claimed to have ergogenic properties (Erdman, Fung, & Reimer, 2006; Maughan et al., 2004; Rodriguez et al., 2009) . Although there are some studies that provide DS information about Olympic athletes in Western countries, DS information about Asian athletes is scarce, and no study to our knowledge has provided DS information about Korean summer Olympic athletes.
Studies of DS use in Asian countries report a prevalence of 11-19% use of Oriental DSs, such as a variety of herbal products, in Singaporean athletes (Slater, Tan, & Teh, 2003; Tian, Ong, & Tan, 2009) . Tian et al. reported that particular herbal products (e.g., essence of chicken, bird's nest, ginseng, and gingko with traditional herbal preparations) were used by nearly one third of college athletic supplement users. However, Asian athletes reported taking Western DSs such as vitamins and minerals in addition to Oriental DSs (Slater et al., 2003; Tian et al., 2009) . Because some herbal products contain ma huang (ephedra sinica) or other substances banned by the World Anti-Doping Agency, Asian athletes need to pay attention to the ingredients of herbal and Oriental DSs (Caprino, Bragano, & Botre, 2005; Pipe & Ayotte, 2002) . Indeed, the International Olympic Committee has reported positive doping tests for a number of Asian athletes during Olympic competition. In some Asian countries, although it does not occur often, some athletes who have taken herbal products such as ma huang without realizing that it would cause a problem have been prohibited from participating in upcoming games because of positive doping-test results (unpublished).
Previous research found that 69% and 74% of Canadian Olympic athletes used some DSs at the Atlanta and Sydney Olympic Games, respectively, at any given time (Corrigan & Kazlauskas, 2003; Huang et al., 2006) . Corrigan and Kazlauskas, in particular, reported use of vitamins (51%), minerals (21%), amino acids (13%), and other supplements (23%) at the Sydney Olympics. They found a difference in sport-specific DS use but did not discuss age of the athletes, DS patterns, or status of doping knowledge. Doping-knowledge status, reported as awareness or perception of antidoping, is associated with the use of DSs (Erdman et al., 2006; Kamber, Baume, Saugy, & Rivier, 2001) ; however, doping knowledge among Olympic athletes has not yet been discussed in detail.
The Korean government recently stated plans to establish an antidoping agency under the supervision of the Korean Olympic Committee to prevent further potential doping risks. However, no study has reported Korean Olympic athletes' DS information, including doses, types, patterns, gender differences, and doping knowledge. Therefore, objectives of our research were to assess (a) the DS practices reported by gender and age of Korean Olympic athletes during the training period and the Beijing 2008 Summer Olympic Games and immediately before the Olympic Games, (b) DS information including intake reasons and providers, and (c) doping information including doping education, knowledge, and educators.
Materials and Methods

Participants
Participants were recruited from athletes on the 2008 Korean national team who participated in the training period for the Beijing 2008 Summer Olympic Games (athletes 14-37 years of age). All the participants were categorized into two groups: Group A, which included only the athletes who participated in the Olympic Games against athletes from other countries, and Group B, which included the entire team (e.g., the competing Group A athletes and the noncompeting "substitute" athletes). The athletes in Group A were selected at least 6 months before the opening of the Beijing 2008 Summer Olympic Games based on their selection events for the Games. From these selection events, athletes who were not selected but were ranked in the second highest group were also included because of the possibility that these athletes would compete in the Olympic Games as substitutes in case of injury to a Group A athlete before his or her Olympic event. All athletes received the same training and attended the Beijing 2008 Summer Olympic Games, but only the athletes in Group A participated in Olympic events. All athletes completed the questionnaires twice during scheduled surveying periods before and after the Beijing 2008 Summer Olympic Games. Ethical approval was granted by the Human Research and Ethics Committee of Yong-in University, and written informed consent was obtained from all the participants before they completed the survey.
DS and Questionnaires
Participants completed the standardized questionnaire during interviews. The questionnaire was developed and reviewed by health and sports professionals including dietitians, a sports-medicine physician, and a sports administrator; a pharmacist; and researchers (Yong-in University, Gyeonggi-do, Republic of Korea). The questionnaire was evaluated for face validity by six dietitian members of the International Sport Science Institute of Korean Sport Nutrition Advisory Committee, and its reliability was assessed in a test-retest format with 30 varsity athletes from Yong-in University. The first questionnaire was collected from athletes during the week before the opening of the Beijing 2008 Summer Olympic Games to assess DSs consumed during the preceding 6-month training period. Within 1 week after the closing of the Beijing 2008 Summer Olympic Games, responses to the second questionnaire were collected to assess DSs consumed during the Games and immediately before (within 2-3 hr) specific Olympic events. Athletes in Group A were categorized based on their response in this category, which asked whether they had participated in Olympic events, and cross-checked with a list of competitors.
We investigated DS practices and awareness of antidoping regulation in Korean Olympic athletes using a descriptive, cross-sectional survey. Use of DSs, reason for supplementation, sources of supplementation information and informants, and doping information including doping education ("Have you attended on any doping class for the Olympics during the training period?"), awareness/ knowledge ("How much do you know about antidoping rules?"; assessed by the 1-5 Likert rating-scale method), and educators with antidoping regulation were examined in relation to age and gender. The DS description provided to the Korean Olympic athletes was developed and modified from previous questionnaires used by Erdman et al. (2006) and Sundgot-Borgen et al. (2003) , and it included information about vitamins, minerals, protein, creatine, enzymes, metabolites, extracts, and concentrations. The DS description also included information regarding Oriental supplements, which are defined as animal and plant sources principally included in prescriptions of Oriental, Chinese, Korean, or herbal medicine. The World Health Organization defines Oriental supplements as theorybased medicine that originated in ancient China and has been modified and is now practiced in Korea, Japan, and Vietnam (Kim & Pham, 2009; Wiseman, 2004) . Information about brands and manufacturers of DS products were not included in the DS description.
Data Analysis
Based on a 95% confidence interval with 2.5% margin of error, the minimum sample size required was 112 participants with completed questionnaires-at least 74 male and 38 female athletes (Cochran, 1977 (Hill & Hunter, 1966) .
Results
Subject Characteristics
A total of 161 athletes (85 male and 76 female) in Group A and 228 athletes (128 male and 100 female) in Group B from across a spectrum of 14 sport disciplines completed questionnaires (Table 1 ). The first questionnaire had a response rate of 96% (male 98%, female 94%), and the second questionnaire was collected from all athletes. Subject characteristics are presented in Table 2 .
Prevalence and Habits of Dietary Supplementation
No gender or age difference in prevalence of dietary supplementation was detected, and data showed that most participants (male 79%, female 82%) took one or more DSs during the Olympic Games training period (previous 6 months; Table 3 ). Among those, 58% athletes took Oriental supplements. Female athletes reported higher prevalence of Oriental supplements than males, and female athletes ≥25 years old had a higher rate of Oriental supplement use than did younger (<25 years) females, χ 2 (1) = 5.115, p = .024. Immediately before their Olympic events, 22% of female athletes showed a significantly higher rate of DS use than that of male athletes (7%), χ 2 (1) = 7.680, p = .006. Moreover, female athletes showed a significant decrease with age in DS use immediately before the Olympic events, χ 2 (3) = 8.772, p = .032. Respondents consistently reported a higher prevalence of DS use during the Olympic Games training period than immediately before their Olympic events.
Multiple-response data during the Olympic Games training period indicated that the four most prevalent DSs were vitamins (63%), Oriental supplements (58%), amino acids (25%), and creatine (21% ; Tables 4 and 5) . No gender difference in use of vitamins and Oriental supplements was detected, although male athletes consumed more amino acids and creatine. The four most frequently taken Oriental supplements were mixed Oriental medicine (29%) and those that included Korean ginseng (28%), Korean red ginseng (16%), and deer antler (14%).
The most popular DSs taken immediately before the Olympic events were amino acids (30%), energy bars (22%), Korean red ginseng (17%), vitamin C (17%), extra carbohydrate (9%), and magnesium (4%).
Reasons for Taking DSs
The three main reasons participants reported for consuming DSs were to improve recovery ability (66%), to increase muscle performance (22%), and for health maintenance (7% , Table 3 ). In addition, the primary reason for younger (<25 years) and older (≥25 years) athletes to take DSs were to increase muscle performance and to improve recovery ability, respectively. Among three major reasons, the reason "to increase muscle performance" was chosen by more male than female athletes, χ 2 (1) = 4.539, p = .047, but the reasons "to improve recovery ability" and "for health maintenance" revealed no significant difference for gender and age (Table 4) .
Sources of DS Information
Respondents chose as many sources of DS information as they wished from eight proffered choices and also responded in an open-ended questionnaire response format. Overall, parents (36%), coaches (35%), and teammates (16%) were most often identified as sources of DS information. When separating gender, male and female athletes reported coaches (46% and 22%, respectively) and parents (27% and 46%), respectively, χ 2 (4) = 14.370, p = .006 (Table 4 ). The younger athletes (<25 years) were more likely to report parents and teammates, whereas the (56) 59 (72) Oriental supplements 106 (58) 55 (55) 51 (62) amino acids 45 (25) 34 (34) 11 (15) creatine 39 (21) 31 (31) 8 (10) Top 4 ranked Oriental supplements -mixed Oriental medicine a 53 (29) 26 (26) 27 (33) Korean ginseng 52 (28) 29 (29) 23 (28) Korean red ginseng 29 (16) 10 (10) 19 (23) deer antler b 26 (14) 11 (11) 15 (18) Top 3 ranked reasons for taking dietary supplement .132
increase muscle performance 40 (22) 28 (28) 12 (15) improve recovery ability 120 (66) 59 (58) 61 (74) maintain health or prevent nutritional deficiency 13 (7) 8 (8) older athletes (≥25 years) reported coaches most often, χ 2 (12) = 24.030, p < .020 (Table 3) .
Awareness of, Perceived Compliance With, and Access to Antidoping Information
Most (79%) participants reportedly received regular education on antidoping regulations, and data showed no gender and age difference (Table 3) . Using a 1-5 Likert scale (1 = poor to 5 = excellent about antidoping awareness), participants rated their perceived degree of antidoping awareness. Overall, the average rating was 2.95 ± 0.06 (i.e., between 2, somewhat good, and 3, good; Figure 1 ). Male and female athletes' average ratings were 2.90 ± 0.08 and 3.02 ± 0.09, respectively, and no significant gender difference was detected (p = .31). However, older athletes were more likely to report a higher degree of antidoping awareness (p = .016). In detail, multiple comparisons showed a significant difference in 20-to 24-year-old athletes, those 25-29 years old (p = .005), and those ≥30 years of age (p = .027). Furthermore, female athletes 25-29 years old showed a significantly higher degree of antidoping awareness than female athletes 14-19 years (p = .043) and 20-24 years (p = .001), but no significant age-related difference in male athletes was shown. Overall, participants reported as many sources of antidoping-regulation information that applied from five choices and could also respond in an open-ended questionnaire response format. In general, special antidoping education provided to all Korean Olympic athletes during the Olympic Games training period (64%), coaches (15%), the Internet (14%), journals or books (4%), and teammates (3%) were most often identified as sources of antidoping-regulation information, and no gender or age difference was detected (Figure 2 ).
Discussion
The current findings provide the first comprehensive data set on the prevalence of DS use and information about DS types, intake reason, providers, doping education and knowledge status, and doping educators among Korean summer Olympic athletes before the Beijing 2008 Summer Olympic Games. We found that 80% of the athletes (79% of male athletes and 82% of female athletes) consumed at least one DS during the training period for the Beijing 2008 Summer Olympic Games. This high prevalence of DS use is similar to that found in studies on Olympic athletes participating in the 2000 Sydney Olympic Games (Corrigan & Kazlauskas, 2003) and Canadian athletes in the Atlanta 1996 and Sydney 2000 Olympic Games (Huang et al., 2006) . Corrigan (63) 10 (77) 45 (61) 46 (60) 14 (74) Oriental supplements 106 (58) 5 (39) 45 (61) 43 (56) 13 (68) amino acid 45 (25) 1 (8) 17 (23) 22 (29) 5 (26) creatine 39 (21) 1 (8) 16 (22) 16 (21) 6 (32) Top 4 ranked Oriental supplements mixed Oriental medicine 53 (50) 3 (60) 27 (60) 16 (37) 7 (54) Korean ginseng 52 (49) 4 (80) 14 (31) 24 (56) 10 (77) Korean red ginseng 29 (27) 3 (60) 7 (16) 13 (30) In our study, the DSs most consumed during the training period for the 2008 Summer Olympic Games were vitamins (63%), Oriental supplements (58%), amino acids (25%), and creatine (21%). These findings are consistent with those of previous studies, with the exception of Oriental supplements (Corrigan & Kazlauskas, 2003; Erdman et al., 2006; Huang et al., 2006; Juhn, 2003; Sundgot-Borgen et al., 2003; Tsitsimpikou et al., 2009) . Of the respondents in this study, 58% of athletes (55% male and 62% female) reported consuming Oriental supplements during the training period for the Olympic Games, but most previous studies did not show results of Oriental supplement use consistent to ours. This may be explained by the fact that, in the past decade, most knowledge on the DS use in elite athletes has come from studies in Western countries (Erdman et al., 2006; Huang et al., 2006; Sundgot-Borgen et al., 2003) , with only a few from Singapore (Slater et al., 2003; Tian et al., 2009 This study also demonstrated that about 10% (5% male and 17% female) of Korean Summer Olympic Games athletes reportedly consumed DSs immediately before their Olympic events. The most-consumed DSs immediately before Olympic events were amino acids (30%), energy bars (22%), and vitamin C (17%). The female athletes reported a higher prevalence of DS use immediately before their Olympic events. DS intake immediately before an Olympic event may have some placebo effects on users or physiological effects on their performance (Maughan et al., 2004; Rodriguez et al., 2009 ). However, no study, to our knowledge, has been done to elucidate this phenomenon in Korean Olympic athletes.
Korean athletes at the Beijing 2008 Summer Olympic Games reportedly consumed DSs to improve recovery ability (66%) and muscle performance (22%) and to maintain health (7%). These reasons were similar to those found in other studies, although some reported additional reasons such as to increase immune function, decrease body fat, and improve tissue synthesis (Corrigan & Kazlauskas, 2003; Erdman et al., 2006; Froiland, Koszewski, Hingst, & Kopecky, 2004; Sundgot-Borgen et al., 2003) . Furthermore, we found no significant gender difference in justification for DS use, whereas other studies (Erdman, Fung, Doyle-Baker, Verhoef, & Reimer, 2007) did.We found that athletes' sources of DS information were parents (36%), coaches (35%), and teammates (16%), which is similar to others' findings (Erdman et al., 2006; Sundgot-Borgen et al., 2003) . Erdman et al. (2006) reported that sources of DS information for Canadian elite athletes were family or friends (53%), teammates (44%), coaches (41%), and athletic trainers (34%). A study in Singaporean athletes (Slater et al., 2003) reported that sources of DS information were friends (31%), coaches or trainers (19%), mass media (18%), family (14%), and physicians, pharmacists, or nurses (7%), showing more varied sources than in the current findings. This study showed a gender difference in sources of DS information. Korean male athletes for the Beijing 2008 Summer Olympic Games reported receiving DS information mostly from their coaches, whereas female athletes were informed on DSs mostly by their parents.
Our study showed that 79% of Korean athletes for the Beijing 2008 Summer Olympic Games were educated in antidoping regulation, and we detected no age and gender differences. Antidoping education is important for athletes, especially addressing efficacy and safety of DSs (Erdman et al., 2006; Geyer et al., 2008; Rodriguez et al., 2009; Tokish, Kocher, & Hawkins, 2004) . Doping knowledge of male and female athletes (2.9 and 3.0, respectively) in this study appeared adequate, although it was lower than that of athletes in other countries, especially Canadians (Erdman et al., 2006) . However, our study showed the importance of special antidoping education for Olympic athletes, which resulted in the biggest source of antidoping-regulation information (64%), followed by coaches (15%), the Internet (14%), journals or books (4%), and teammates (3%).
In conclusion, many Korean Summer Olympic athletes engage in DS use during training and competition, and most (79%) are educated in antidoping regulation. Because Korean athletes report frequent use of Oriental medicines as ergogenic supplements, caution should be taken when using Oriental-medicine-based DSs, especially mixed Oriental medicine, to prevent athletes from inadvertent doping.
